This study was designed to evaluate the flavonoid, saponin (TSC) and phenolic (TPC) contents and in vitro antioxidant activity of the crude (CME) and dry extracts and fractions of Medicago lupulina L. aerial parts. A validated RP-HPLC method led to quantitation of flavonols (kaempferol, quercetin and myricetin) and flavones (apigenin and luteolin) in the hydrolyzed extract. TSC and TPC were assayed spectrophotometrically at 560 and 760 nm, respectively. The antioxidant activity of the CME and the dry fractions were followed in vitro by DPPH free radical and ferric reducing antioxidant power (FRAP) methods. The flavonoid content of CME was 1.27 mg/g dw. The prevailing flavonoids were luteolin and myricetin, at concentrations of 0.37 and 0.36 mg/g dw, respectively. TSC and TPC were detected in CME at the level of 90.4 mg ESE/g dw, and 12.9 mg GAE/g dw, respectively. In the DPPH and FRAP tests, the CME exhibited antioxidant capacity with TEAA and FRAP values of 45.4 µmol Trolox ® /g dw and 0.2 mmol Fe 2+ /g dw, respectively. The diethyl ether dry fraction was the most valuable one, showing the highest antioxidant activity (TEAA = 726.1 µmol Trolox ® /g dw, FRAP = 2349.4 µmol Fe 2+ /g dw) that was in accordance with its high TPC (162.4 mg/g dw).
The genus Medicago L. (Fabaceae), known as "medics", comprises about 80 species of either annual or perennial herbs, and a few shrubs, mostly native to the temperate and Mediterranean regions [1a] . The ability of these species to establish a nitrogen-fixing symbiosis with rhizobia makes them excellent candidates for use in sustainable agricultural systems [1a] . Four wild species of Medicago are adapted to a diverse range of habitats of Poland with a temperate type climate [1b] . They have been grown for a variety of purposes such as soil improvement, animal feed and medicinal uses. Several species of Medicago, particularly M. sativa are used for the treatment of hypercholesterolemia, arthritis, kidney disorders and cardiovascular complaints [1c-1g] . The pathogenesis of these diseases might be related to the increased oxidative stress induced in cells by reactive oxygen species (ROS). Many plant phenols have been identified as natural antioxidants which can interfere with the oxidation process by acting as ROS scavengers and reduce oxidative damage in vitro and in vivo [1h,1i] .
Medicago lupulina L. (black medic) is an annual species native to Eurasia and is widely distributed in Poland. This low-trailing species has a prostrate stem with small bright yellow flowers grouped in tight bunches and trifoliate, long-petioled leaves. The fruits are black, slightly coiled and prominently ridged [1a,1b] . Phytochemical studies on M. lupulina are fragmentary, limited to data published before 1990, and concern the isolation and structural identification of the flavonoids and saponins in the flowers and aerial parts [2a-2c] . As far as we know, there are neither studies comparing the contents of main active components of M. lupulina aerial parts, nor their biological activities. Therefore, the aim of this study was to increase the knowledge on the metabolic profile of the extracts from M. lupulina aerial parts and to evaluate their antioxidant activity. Phenolic compounds, including flavonoids and saponins were determined by RP-HPLC-UV and spectrophotometric methods. The antioxidant potential of the plant extracts was evaluated in vitro using 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical and ferric reducing antioxidant power (FRAP) methods.
In order to achieve the optimum conditions for flavonoid hydrolysis in the M. lupulina aerial parts, hydrolysis with HCl at several different concentrations was attempted. By comparing the chromatographic profiles of the hydrolyzates obtained under different conditions, the optimal ones were selected with a hydrolysis solution of 3.2 M HCl (118 g/L) in 50%, v/v, aqueous methanol and a hydrolysis time of 2 h. Optimization of the HPLC separation of flavonoids was tested on a 250 mm long C-18 column (Nucleodur Gravity). Different mobile phase compositions were evaluated to obtain chromatograms with a good peak shape, and higher peak responses of the target compounds within an acceptable analysis time. The mobile phase was chosen after several trials with methanol, acetonitrile and water in various proportions at different pH values under different gradient elution schemes. As a consequence, a mobile phase consisting of 45-65%, v/v, methanol in an aqueous solution containing 0.5% H 3 PO 4 was confirmed as the optimum for separation and quantification of the flavonols and flavones. The peaks were analyzed at a flow rate of 1.4 mL/min. Under these conditions, myricetin, quercetin, luteolin, kaempferol and apigenin were eluted with the following respective average retention times (t R ): 6.1, 9.3, 10.5, 12.8 and 13.4 min (Table 1) . The HPLC method was validated by means of linearity, limits ofdetection (LOD) and quantification (LOQ), accuracy and precision. Table 1 lists the regression equation parameters, correlation coefficients, linear ranges for the calibration graphs and limits of detection (LOD) and quantification (LOQ) for the five flavonoids.
Good linearity (R 2 > 0.9994, p < 0.00001) was obtained for all five flavonoids in a relatively wide concentration range. The LODs (S/N = 3) were in the range of 0.01 -0.18 μg/mL, the lowest and highest values were obtained for quercetin and luteolin, respectively. Furthermore, the LOQs (S/N = 10) varied from 0.04 μg/mL to 0.54 μg/mL. The accuracy of the developed analytical method was confirmed by a recovery test with the standard addition method ( Table 2 ). The average recoveries of the five flavonoid analytes at known spiked quantities were 95.1% -101.4%. Moreover, the flavonoid standards at two concentration levels and the real sample of M. lupulina aerial parts were analyzed within five days in order to evaluate the precision of the proposed method (Table 3 ). The results showed satisfactory intra-and interday precision of the analytical method. The RSD values for retention time and peak area were lower than 0.35%, and 3.0%, respectively for intra-day precision and lower than 1.8%, and 3.0%, respectively, for inter-day precision.
The HPLC determination of the flavonoids summarized in Table 4 shows that the hydrolyzed crude methanol extract of M. lupulina aerial parts contained flavonol and flavone compounds in an amount of 0.77 and 0.50 mg/g dw, respectively. The prevailing flavonoids were luteolin and myricetin at levels of 0.37 and 0.36 mg/g dw, respectively. The other determined flavonoids were present in lower and similar concentrations -quercetin, 0.27 mg/g dw, kaempferol, 0.14 mg/g dw, and apigenin, 0.13 mg/g dw. This is the first report regarding the quantitative analysis of flavonols and flavones in M. lupulina. Previous phytochemical investigations led to the isolation from the flowers of hydroxyl and methoxyl derivatives of flavone and flavonol including heterosides of luteolin, laricytrin, kaempferol, quercetin, and myricetin [2a] . Moreover, the present results indicate that M. lupulina contains about an eight times higher total level of flavones and flavonols compared with isoflavones, which were determined by other researchers in the leaves and stems (0.154 mg/g dw) [3a] . Among this group, a dominant compound was genistein, with a concentration of 0.11 mg/g dw [3a] .
Considering the other results, genistein was found in the aerial parts in a lower concentration of 3.10 μg/g dw [3b]. In order to estimate antioxidant ability of the tested CME, two in vitro tests were chosen: the DPPH assay, which measures protonradical scavenging activity of a tested sample and the FRAP method, that estimates the ability of a antioxidant to reduce Fe 3+ to Fe 2+ . The results of the DPPH test revealed that the CME showed antioxidant activity with a TEAA value of 45.4 µmol Trolox  /g dw.
In order to estimate the influence of plant phenolics on the antioxidant properties of the reaction medium, the phenolic effective concentration PEC (μg phenolics/mL) was calculated by using the original value of EC 50 (μg plant material/mL) and the total phenolic content expressed in GAE (mg/g). The received PEC value of 4.9 μg/mL was comparable with the EC 50 value calculated for the positive control -Trolox ® (EC 50 = 4.3 μg/mL) and quercetin (EC 50 = 1.7 μg/mL). In the FRAP assay, CME showed the reducing ability with a FRAP value of 0.2 mmol Fe 2+ /g dw, while the values for reference Trolox ® and quercetin were 9.2 and 36.7 mmol Fe 2+ /g, respectively. In order to achieve more information about the influence of the phenolic fraction polarity on the antioxidant ability of M. lupulina aerial parts, their combined methanol and 70% aqueous methanol extracts (ME, AqME, respectively) were partitioned successively with diethyl ether, ethyl acetate, and n-butanol. All dry fractions (EtF, AcF, BuF, respectively), as well as the initially obtained extracts (ChE, ME, AqME) and water residue (WR) were subjected to TPC, DPPH and FRAP assays. The TPC obtained for the tested materials ranged from 6.6 to 162.4 mg/g dw and the highest value was found for the EtF fraction (162.4 mg/g dw) ( Table 6 ). Next, the original TPC values (mg GAE/g extract) for extracts and residue were converted into phenolic content expressed in GAE per 1 g of plant material to give values of 5.3, 4.8, 2.8 and 0.2 mg/g dw for AqME, ME, WR and ChE, respectively. The sum of TPC for three extracts and residue (13.1 mg/g dw) is similar to that obtained for CME (12.9 mg/g dw).
In the DPPH free radical scavenging assay (Table 6 ), all fractions and extracts displayed a concentration-dependent antioxidant potential, with the EtF fraction being the most active (TEAA = 726.1 µmol Trolox  /g dw), followed by AcF (TEAA = µmol 243.8 Trolox  /g dw), AqME (TEAA = 191.2 µmolTrolox  /g dw) and
BuF (TEAA = 140.7 µmolTrolox  /g dw). As shown in Table 6 , similar differences in reducing capacity measured by the FRAP test were observed between the fractions and extracts. The FRAP value was significantly higher for the EtF fraction -2349.4 μmol Fe 2+ /g dw in relation to AcF -1272.6 μmol Fe 2+ /g dw, AqMe -760.5 μmol Fe 2+ /g dw and BuF -758.7 μmol Fe 2+ /g dw.
Based on these results, it can be noticed that the antioxidant activity of all dry fractions and extracts is strongly solvent dependent and increases with increasing concentration of phenols. Positive correlations between the total phenolic contents (TPC) and the estimates of antioxidant activities obtained in the DPPH (r = 0.983, p < 0.0001) and FRAP assays (r = 0.992, p < 0.00001) were observed for all analyzed dry fractions and extracts. This statistically significant linear relationship suggests that phenolic compounds are major contributors to the antioxidant activity of the studied plant material. The finding indicates that the dominant phenolic compounds of M. lupulina, including the flavonoids, are of medium polarity. Therefore, they are mainly soluble and readily extractable with slightly less polar organic solvents such as diethyl ether and ethyl acetate. However, more detailed investigations are needed to establish which individual phenols may be primarily responsible for the antioxidant ability of M. lupulina aerial parts. 
Experimental

Determination of flavonoid compounds by RP-HPLC-UV:
The sample (500 mg) was heated under reflux for 2 h with 20 mL of 35% aqueous HCl (11.2 M, 413 g/L) and 50 mL of 70%, v/v, aqueous methanol. After filtration, the sample was extracted twice with 30 mL of 70%, v/v, aqueous methanol for 15 min. The combined extracts were concentrated under vacuum to 30 mL to remove the methanol and then purified by fivefold liquid-liquid extraction with 20 mL of diethyl ether. The combined ether extracts were evaporated to dryness and the residue was dissolved in 70%, v/v, aqueous methanol and diluted to 25 mL. The extraction and HPLC injection procedures (20 μL) were conducted in triplicate. The mobile phase consisted of solvent A (0.5% aqueous solution of orthophosphoric acid, v/v), and solvent B (methanol) with the elution profile as follows: 0 -16 min: 45 -65% B (linear gradient), 16.01 -18 min: 45% B (equilibration). The flow rate was 1.4 mL/min, and detection was at 350 nm.
Extraction and fractionation procedure: The sample (500 mg) was refluxed for 30 min with 40 mL of 70%, v/v, aqueous methanol, filtered and extracted twice for 15 min with 20 mL of 70%, v/v, methanol. The combined extracts were diluted with methanol to 100 mL to give a crude methanol extract (CME). The CME was used for the phenolic and saponin measurements and antioxidant activity assays. For the fractionation of secondary metabolites of M. lupulina aerial parts, 50 g of plant material was pre-extracted with chloroform (Soxhlet apparatus), and subsequently extracted with methanol (3 x 250 mL) and 70% aqueous methanol (2 x 250 mL), each for 8 h. The chloroform (ChE), methanol (ME) and 70%, v/v, aqueous methanol (AqME) extracts were obtained. Combined methanol extracts were evaporated, dissolved in water and subjected to liquid-liquid extraction, successively with Et 2 O, EtOAc and n-BuOH. The three fractions (EtF, AcF, BuF) and water residue (WR) were evaporated and dried in desiccators to a constant weight. The final residues (ChE, ME, AqME, EtF, AcF, BuF and WR) were used to study their phenolic content and antioxidant activities.
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